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(57) ABSTRACT 

A fan blade is provided having a root portion and an aerofoil 
portion that has a leading edge, a trailing edge and a tip remote 
from the root portion. A concave pressure surface extends 
from the leading edge to the trailing edge and a convex suc 
tion surface extends from the leading edge to the trailing edge. 
A portion of the tip of the aerofoil portion between the leading 
edge and the trailing edge of the aerofoil portion is thinner 
than the remainder of the tip. The portion of the tip of the 
aerofoil portion is spaced from the leading edge and is spaced 
from the trailing edge. The portion of the tip of the aerofoil 
portion has a recess arranged on the concave pressure surface 
such that the portion of the tip of the aerofoil portion is thinner 
than the remainder of the tip. 

17 Claims, 2 Drawing Sheets 
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TURBOFAN GAS TURBINE ENGINE FAN 
BLADE AND A TURBOFAN GAS TURBINE 

FAN ROTOR ARRANGEMENT 

This is a Continuation of application Ser. No. 11/446,379 
?led Jun. 5, 2006, Which claims the bene?t of British Patent 
Application No. 05131875 ?led Jun. 29, 2005. The disclo 
sures of the prior application are hereby incorporated by 
reference herein in their entirety. 

The present invention relates to a blade, and in particular to 
a fan blade for a turbofan gas turbine engine. 

Small tip chord turbofan clapper less fan blades may suffer 
from vibration Where altitude aerodynamic forces lead to 
excitation of a fan blades natural modes of vibration, e.g. 
second ?ap mode, aWay from coincidence With the harmonics 
of a fan blades rotational speed, i.e. a non integral vibration. 
At high fan blade rotational speeds, forward propagating 
pressure Waves normal to passage shock Waves are formed in 

the passages de?ned circumferentially betWeen the radially 
outer tips of adjacent fan blades and bounded by the fan 
casing Which provides useful compression of the air ?oW. 
However, at altitudes greater than about 40000 ft, 12200 m, 
and over speci?c speed ranges, greater than about 1500 fts_l, 
457 ms“1 and fan blades having a tip chord length of less than 
300 mm, excitation of natural modes of vibration of the fan 
blades due to unsteady motion of the shock Waves has led to 
divergent fan blade vibration. 

These unsteady pres sure Waves from the normal to the 
passage shock propagate in an upstream direction in the pas 
sages betWeen the tips of the fan blades in the high Mach No. 
flow. These unsteady pres sure Waves are of concern Where the 
pressure Waves have short Wavelengths approximating to 0.5, 
1.5, 2.5 times the chord Wise length of the passage betWeen 
the tips of adjacent fan blades, the passage length extends 
from the leading edge to the trailing edge of the fan blades. 
These unsteady pressure Waves may provide anti-phase exci 
tation of leading edge motion of adjacent fan blades. If there 
is a coincidence of the mode shape, e.g. signi?cant leading 
edge motion of the fan blades Within the second ?ap vibration 
mode shape, divergent blade vibration is produced, Which 
reduces the life of the fan blades and increases the incidence 
of mechanical failure, e.g. cracking. 

Accordingly the present invention seeks to provide a novel 
blade, Which at least reduces the above problem. 

Accordingly the present invention provides a blade com 
prising a root portion and an aerofoil portion, the aerofoil 
portion has a leading edge, a trailing edge and a tip remote 
from the root portion, a concave pressure surface extends 
from the leading edge to the trailing edge and a convex suc 
tion surface extends from the leading edge to the trailing edge, 
a portion of the tip of the aerofoil portion betWeen the leading 
edge and the trailing edge of the aerofoil portion is thinner 
than the remainder of the tip, the portion of the tip of the 
aerofoil portion is spaced from the leading edge and is spaced 
from the trailing edge. 

Preferably the tip portion of the aerofoil has a recess such 
that the portion of the tip of the aerofoil portion is thinner than 
the remainder of the tip. 

Preferably the recess is arranged on the concave surface of 
the aerofoil portion. 

Preferably the thickness of the portion of the tip of aerofoil 
portion reduces to a minimum thickness in the range of 60% 
to 70% of the thickness of the remainder of the tip. 

Preferably the thickness of the portion of the tip of aerofoil 
portion reduces to a minimum thickness of 66% of the thick 
ness of the remainder of the tip. 
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2 
Preferably the portion of the tip of the aerofoil extends 

from a position at about 10% of the chord length from the 
leading edge to a position at about 90% of the chord length 
from the leading edge. 

Preferably the portion of the tip of the aerofoil extends 
from a position at about 50 mm from the leading edge to a 
position at about 26 mm from the trailing edge. 

Preferably the portion of the tip of the aerofoil extends 
about 20 mm from the tip of the aerofoil portion transversely 
to the chord. 

Preferably the blade is a fan blade. Preferably the blade has 
a tip chord length of less than 300 mm. 
A rotor arrangement comprising a rotor and plurality of 

circumferentially spaced blades extending radially outWardly 
from the rotor, each blade comprising an aerofoil portion, 
each aerofoil portion having a leading edge, a trailing edge 
and a tip remote from the rotor, each aerofoil having a con 
cave pressure surface extending from the leading edge to the 
trailing edge and a convex suction surface extending from the 
leading edge to the trailing edge, a portion of the tip of each 
aerofoil portion betWeen the leading edge and the trailing 
edge of the aerofoil portion being thinner than the remainder 
of the tip, the portion of the tip of each aerofoil portion being 
spaced from the leading edge and being spaced from the 
trailing edge, a plurality of passages being de?ned betWeen 
the blades, the distance betWeen the tips of aerofoils of adja 
cent blades increasing from a ?rst distance at the leading edge 
to a maximum distance at the portion of the tip of each 
aerofoil portion and decreasing to a second distance at the 
trailing edge. 

Preferably the tip portion of each aerofoil portion has a 
recess such that the portion of the tip of the aerofoil portion is 
thinner than the remainder of the tip. 

Preferably each recess is arranged on the concave surface 
of the aerofoil portion. 

Preferably the thickness of the portion of the tip of each 
aerofoil portion reduces to a minimum thickness in the range 
of 60% to 70% of the thickness of the remainder of the tip. 

Preferably the thickness of the portion of the tip of each 
aerofoil portion reduces to a minimum thickness of 66% of 
the thickness of the remainder of the tip. 

Preferably the portion of the tip of each aerofoil portion 
extends from a position at about 10% of the chord length from 
the leading edge to a position at about 90% of the chord length 
from the leading edge. 

Preferably the portion of the tip of each aerofoil portion 
extends from a position at about 50 mm from the leading edge 
to a position at about 26 mm from the trailing edge. 

Preferably the portion of the tip of each aerofoil portion 
extends about 20 mm from the tip of the aerofoil portion 
transversely to the chord. 

Preferably the blades are fan blades. Preferably the blades 
have a tip chord length of less than 300 mm. 
The present invention Will be more fully described by Way 

of example With reference to the accompanying draWings in 
Which: 

FIG. 1 shoWs a turbofan gas turbine engine having a fan 
blade according to the present invention. 

FIG. 2 shoWs a fan blade according to the present inven 
tion. 

FIG. 3 shoWs an enlarged vieW of a tip of the fan blade 
shoWn in FIG. 2. 

FIG. 4 shoWs a cross-sectional vieW through the tip of the 
fan blade shoWn in FIG. 3. 

FIG. 5 shoWs a vieW of the tips of tWo adjacent fan blades 
according to the present invention. 
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A turbofan gas turbine engine 10, as shown in FIG. 1, 
comprises in How series an inlet 12, a fan section 14, a 
compressor section 16, a combustion section 18, a turbine 
section 20 and an exhaust 22. The fan section 14 comprises a 
fan rotor 24 carrying a plurality of circumferentially spaced 
radially outWardly extending fan blades 26. The fan blades 26 
are arranged in a bypass duct 28 de?ned by a fan casing 30, 
Which surrounds the fan rotor 24 and fan blades 26. The fan 
casing 30 is secured to a core engine casing 34 by a plurality 
of circumferentially spaced radially extending fan outlet 
guide vanes 32. The fan rotor 24 and fan blades 26 are 
arranged to be driven by a turbine (not shoWn) in the turbine 
section 20 via a shaft (not shoWn). The compressor section 16 
comprises one or more compressor (not shoWn) arranged to 
be driven by one or more turbines (not shoWn) in the turbine 
section 20 via respective shafts (not shoWn). 
A fan blade 26 according to the present invention is shoWn 

more clearly in FIGS. 2 to 5. The fan blade 26 comprises a 
root portion 36 and an aerofoil portion 38. The root portion 36 
is arranged to locate in a slot 40 in the rim 42 of the fan rotor 
24, and for example the root portion 36 may be dovetail shape 
or ?rtree shape in cross-section and hence the corresponding 
slot 40 in the rim 42 of the fan rotor 24 is the same shape. The 
aerofoil portion 38 has a leading edge 44, a trailing edge 46 
and a tip 48 remote from the root portion 36 and the fan rotor 
24. A concave pressure surface 50 extends from the leading 
edge 44 to the trailing edge 46 and a convex suction surface 52 
extends from the leading edge 44 to the trailing edge 46. 

Aportion 54 of the tip 48 of the aerofoil portion 38 betWeen 
the leading edge 44 and the trailing edge 46 is made thinner 
than the remainder 56, 58 of the tip 48 of the aerofoil portion 
38, for example a portion 56 adjacent the leading edge 44 and 
a portion 58 adjacent the trailing edge 46. The portion 54 of 
the tip 48 of the aerofoil portion 38 is thus spaced from the 
leading edge 44 and the trailing edge 46. In particular the 
portion 54 of the tip 48 of the aerofoil portion 38 is made 
thinner by providing a recess 60 in the concave pressure 
surface 50 at the tip 48 of the aerofoil portion 38. 

Preferably the thickness t 1 of the portion 54 of the tip 48 of 
aerofoil portion 38 reduces to a minimum thickness in the 
range of 60% to 70% of the thickness t2 of the remainder, e.g. 
portions 56 and 58, of the tip 48 of the aerofoil portion 38. The 
thickness tl of the portion 54 of the tip 48 of aerofoil portion 
38 reduces to a minimum thickness of 66% of the thickness t2 
of the remainder, e.g. portions 56 and 58, of the tip 48 of the 
aerofoil portion 38. 

The concave pressure surface 50 at the portion 54 of the tip 
48 blends smoothly With the portions 56 and 58 of the tip 48 
of the aerofoil portion 38. 

For example the portion 54 of the tip 48 of the aerofoil 
portion 38 extends from a position at about 50 mm from the 
leading edge 44 to a position at about 26 mm from the trailing 
edge 46. The portion 54 of the tip 48 of the aerofoil portion 38 
extends about 20 mm from the tip 48 of the aerofoil portion 38 
transversely to the chord c, e. g. substantially radially, toWards 
the root portion 36. The fan blade 26 has a chord length at the 
tip 48 of the aerofoil portion 38 of less than 300 mm. 

The portion 54 of the tip 48 of the aerofoil portion 38 is 
thinner than the remainder of the aerofoil portion 38 radially 
inWardly thereof. The portion 54 extends radially inWardly by 
about 6-8% of the chord length at the tip. 

The thinning of the tip 48 of the aerofoil portion 38 of the 
fan blade 26, e. g. the provision of the portion 54 at the tip 48 
of the aerofoil portion 38, locally increases the cross-sec 
tional area of a passage 62 de?ned circumferentially betWeen 
adjacent fan blades 26 and bounded by the fan casing 30. This 
results in a reduced local velocity, e.g. Mn. The change in 
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4 
velocity at the tip 48 of the aerofoil portion 38 of the fan blade 
26 alters the Wavelength, mis-tuning the pressure excitation 
Wave aWay from approximating to 0.5, 1.5, 2.5 times the 
length of the passage 62. The passage 62 lengths extend from 
the leading edge 44 to the trailing edge 46 of the aerofoil 
portion 38 of the fan blades 26. The non-smooth variation of 
the cross-sectional area of the passage 62 contributes to addi 
tional pressure losses, Which attenuate the forWard propagat 
ing pressure Wave. 
The concave pressure surface 50 is modi?ed to avoid gross 

disruption to the convex suction surface 52 and hence to 
minimise loss of aerodynamic performance of the convex 
suction surface 52. The concave pressure surface 50 is modi 
?ed to suit the predicted peak unsteady amplitude of the 
forWard propagating pressure Wave and it is modi?ed to avoid 
compromising aerodynamic or mechanical considerations 
close to the leading edge 44 and the trailing edge 46 at the tip 
48 of the aerofoil portion 38 of the fan blade 26. 
The thinning of the tip 48 of the aerofoil portion 38 of the 

fan blade 26 disrupts the unsteady pressure Wave reinforcing 
the divergent non-integral fan blade vibration at high speed 
and high altitude operation. This leads to increased life of the 
fan blade 26 and reduces the possibility of mechanical failure 
of the fan blade 26 under high altitude cruise conditions. 
The present invention is applicable to clapperless fan 

blades Which lead to excitation of other natural modes of 
vibration, e.g. ?rst ?ap mode, third ?ap mode, ?rst torsion 
mode, second torsion mode or combinations thereof or any of 
the ?rst ten fundamental vibration modes. The present inven 
tion is applicable to metal fanblades and hybrid structured fan 
blades e.g. composite fan blades. In the case of some designs 
of hybrid structured fan blades there may be other natural 
modes of vibration that are not easy to describe using ?rst ?ap 
mode, second ?ap mode, third ?ap mode, ?rst torsion mode or 
second torsion mode because the complex structure of these 
hybrid structured fan blades may distort such mode shapes 
out of recognition. 

I claim: 
1. A turbofan gas turbine engine fan blade comprising: 
a root portion and an aerofoil portion, 
the aerofoil portion has a leading edge, a trailing edge and 

a tip remote from the root portion, 
a concave pressure surface extends from the leading edge 

to the trailing edge and a convex suction surface extends 
from the leading edge to the trailing edge, 

a portion of the tip of the aerofoil portion betWeen the 
leading edge and the trailing edge of the aerofoil portion 
has a recess arranged on the concave pressure surface of 
the aerofoil portion such that the portion of the tip of the 
aerofoil portion is thinner than a remainder of the tip, 

the portion of the tip of the aerofoil portion is spaced from 
the leading edge and is spaced from the trailing edge, 
and 

the turbofan gas turbine engine fan blade being located in a 
fan section of a turbofan gas turbine engine, 

Wherein a thickness of the portion of the tip of the aerofoil 
portion reduces to a minimum thickness in the range of 
60% to 70% of the thickness of the remainder of the tip. 

2. A turbofan gas turbine engine fan blade as claimed in 
claim 1, Wherein the thickness of the portion of the tip of the 
aerofoil portion reduces to a minimum thickness of 66% of 
the thickness of the remainder of the tip. 

3. A turbofan gas turbine engine fan blade as claimed in 
claim 1, Wherein the portion of the tip of the aerofoil portion 
extends from a position at about 10% of a chord length from 
the leading edge to a position at about 90% of the chord length 
from the leading edge. 
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4. A turbofan gas turbine engine fan blade as claimed in 
claim 1, Wherein the portion of the tip of the aerofoil portion 
extends from a position at about 50 mm from the leading edge 
to a position at about 26 mm from the trailing edge. 

5. A turbofan gas turbine engine fan blade as claimed in 
claim 4, Wherein the portion of the tip of the aerofoil portion 
extends about 20 mm from the tip of the aerofoil portion 
transversely to the chord. 

6. A turbofan gas turbine engine fan blade as claimed in 
claim 1, Wherein the fan blade has a tip chord length of less 
than 300 mm. 

7. A turbofan gas turbine engine fan blade as claimed in 
claim 1, Wherein the portion of the tip blends smoothly With 
portions of the tip of the aerofoil portion at the leading edge 
and trailing edge. 

8. A turbofan gas turbine engine fan blade as claimed in 
claim 1, Wherein the portion of the tip of the aerofoil portion 
extends radially inWardly by 6% to 8% of the chord length at 
the tip of the aerofoil portion. 

9. A turbofan gas turbine engine fan rotor arrangement 
comprising: 

a fan rotor and a plurality of circumferentially spaced fan 
blades extending radially outWardly from the fan rotor, 
the plurality of circumerentially spaced fan blades being 
located in a fan section of a turbofan gas turbine engine, 

each fan blade comprising an aerofoil portion, 
each aerofoil portion having a leading edge, a trailing edge 

and a tip remote from the fan rotor, 
each aerofoil portion having a concave pressure surface 

extending from the leading edge to the trailing edge and 
a convex suction surface extending from the leading 
edge to the trailing edge, 

a portion of the tip of each aerofoil portion betWeen the 
leadingedge and the trailing edge of the aerofoil portion 
has a recess arranged on the concave pressure surface of 
the aerofoil portion such that the portion of the tip of the 
aerofoil portion is thinner than a remainder of the tip, 

the portion of the tip of each aerofoil portion being spaced 
from the leading edge and being spaced from the trailing 
edge, 

a plurality of passages being de?ned betWeen the fan 
blades, and 

a distance betWeen the tips of aerofoil portions of adjacent 
fan blades increasing from a ?rst distance at the leading 
edges to a maximum distance at the portions of the tips 
of each aerofoil portion and decreasing to a second dis 
tance at the trailing edges, 

Wherein a thickness of the portion of the tip of each aerofoil 
portion reduces to a minimum thickness in the range of 
60% to 70% of the thickness of the remainder of the tip. 

10. A turbofan gas turbine engine fan rotor arrangement as 
claimed in claim 9, Wherein the thickness of the portion of the 
tip of each aerofoil portion reduces to a minimum thickness of 
66% of the thickness of the remainder of the tip. 

11. A turbofan gas turbine engine fan rotor arrangement as 
claimed in claim 9, Wherein the portion of the tip of each 
aerofoil portion extends from a position at about 10% of a 
chord length from the leading edge to a position at about 90% 
of the chord length from the leading edge. 
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12. A turbofan gas turbine engine fan rotor arrangement as 

claimed in claim 9, Wherein the portion of the tip of each 
aerofoil portion extends from a position at about 50 mm from 
the leading edge to a position at about 26 mm from the trailing 
ed e. 

g13. A turbofan gas turbine engine fan rotor arrangement as 
claimed in claim 12, Wherein the portion of the tip of each 
aerofoil portion extends about 20 mm from the tip of the 
aerofoil portion transversely to the chord. 

14. A turbofan gas turbine engine fan rotor arrangement as 
claimed in claim 9, Wherein the fan blades have a tip chord 
length of less than 300 mm. 

15. A turbofan gas turbine engine fan rotor arrangement as 
claimed in claim 9, Wherein the portion of the tip of each 
aerofoil portion extends radially inWardly by 6% to 8% of the 
chord length at the tip of the aerofoil portion. 

16. A turbofan gas turbine engine fan blade comprising: 
a root portion and an aerofoil portion, 
the aerofoil portion has a leading edge, a trailing edge and 

a tip remote from the root portion, 
a concave pressure surface extends from the leading edge 

to the trailing edge and a convex suction surface extends 
from the leading edge to the trailing edge, 

a portion of the tip of the aerofoil portion betWeen the 
leading edge and the trailing edge of the aerofoil portion 
has a recess arranged on the concave pressure surface of 
the aerofoil portion such that the portion of the tip of the 
aerofoil portion is thinner than a remainder of the tip, 

the portion of the tip of the aerofoil portion is spaced from 
the leading edge and is spaced from the trailing edge, 

the turbofan gas turbine engine fan blade being located in a 
fan section of a turbofan gas turbine engine, and 

the portion of the tip of the aerofoil portion extends from a 
position at about 10% of a chord length from the leading 
edge to a position at about 90% of the chord length from 
the leading edge. 

17. A turbofan gas turbine engine fan blade comprising: 
a root portion and an aerofoil portion, 
the aerofoil portion has a leading edge, a trailing edge and 

a tip remote from the root portion, 
a concave pressure surface extends from the leading edge 

to the trailing edge and a convex suction surface extends 
from the leading edge to the trailing edge, 

a portion of the tip of the aerofoil portion betWeen the 
leading edge and the trailing edge of the aerofoil portion 
has a recess arranged on the concave pressure surface of 
the aerofoil portion such that the portion of the tip of the 
aerofoil portion is thinner than a remainder of the tip, 

the portion of the tip of the aerofoil portion is spaced from 
the leading edge and is spaced from the trailing edge, 

the turbofan gas turbine engine fan blade being located in a 
fan section of a turbofan gas turbine engine, 

the portion of the tip of the aerofoil portion extends from a 
position at about 10% of a chord length from the leading 
edge to a position at about 90% of the chord length from 
the leading edge, and 

the portion of the tip of the aerofoil portion extends from a 
position at about 50 mm from the leading edge to a 
position at about 50 mm from the trailing edge. 

* * * * * 


